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Anelastic Relaxation in Amorphous Pd39.sNi39.sP21* 
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Abstract 
In order to study the structural relaxation in an 
amorphous Pd39.sNi39.sP21 specimen we measured the 
isothermal change in the internal friction of the as- 
quenched material with an inverted K6-type torsion 
pendulum. This change reflects a reduction in the 
amount of free volume which is quenched-in during 
manufacturing. We also measured the anelastic relax- 
ation behaviour of thoroughly annealed samples. At 
498 K it turns out that both processes are governed by a 
spectrum of relaxation times with the anelastic relax- 
ation process having its main peak at a value which is 
slightly larger than that found for the disappearance of
.free volume. 
1. Introduction 
One of the properties of metallic glasses which is 
still not well understood is the microstructural back- 
ground of structural relaxation. All research workers 
agree on the process of free volume decay in as- 
quenched samples but differ in their opinion about the 
underlying (other) process(es). 
We set out to investigate the anelastic relaxation. 
We have chosen Pd39.sNi39.sP21 as being the easiest 
glass former with a high thermal stability. 
2. Experimental  set-up 
The actual sample wire was made by high fre- 
quency induction melting and by forcing the melt into 
a water-cooled capillary. Samples I mm in diameter 
and 30 mm in length were easily obtainable. Mechan- 
ically thinned sections were checked by X-ray diffrac- 
tion for their being amorphous. Care had to be taken 
to avoid irregularities in the sample caused by wetting 
problems while forcing the melt into the capillary with 
an argon gas flow of 0.25 MPa overpressure. 
The pendulum itself is of the inverted Kfi-type with 
an optical interferometer as the detection device. 
*Paper presented at the Sixth International Conference on 
Rapidly Quenched Metals, Montr6ak August 3 7, 1987. 
An interference pattern is created by splitting a 
0.5 mW He Ne laser beam using a glass prism incor- 
porated in the sample mount. The torsional angle is 
translated into an increasing or decreasing number of 
interference fringes registered by two photocells 
coupled to a microprocessor. 
The resonance frequency of the pendulum could be 
varied between 1 and 25 Hz while the internal friction 
could be determined with an accuracy of 1%. During 
static anelastic relaxation where one is interested in an 
only slowly changing angular position of the non- 
vibrating pendulum the interference fringes are arti- 
ficially produced making one of the static mirrors 
vibrate using a small acoustic loudspeaker of 0.2 W. 
The torsional oad can be varied and is normally ad- 
justed to produce an initial elastic angle change of 
2.5 × 10 3 rad. This angle can be read to an accuracy 
of 4 × 10 6 rad, corresponding to one fringe. 
3. Results 
In Fig. ! the internal friction is given as a function 
of temperature for as-quenched and thoroughly an- 
nealed samples using various operating frequencies. 
The internal friction rises steeply only near the glass 
transition temperature of 600 K with a shift towards 
higher temperature the higher the frequency, or the 
more thoroughly annealed the sample. 
In Fig. 2 the logarithm of the internal friction is 
plotted vs. 1000/T for a thoroughly annealed sample. 
The anneal period was 14 days at 467 K and the di- 
ameter of the torsion wire was 0.9 mm. The tempera- 
ture was changed stepwise between 400 K and 500 K 
while various frequencies were applied. The result is a 
set of lines for which Berry's frequency shift method 
[1] gives an activation energy of approximately 2 eV. 
The background amping which had to be subtracted 
was 2 × 10 4, equal to the internal friction at room 
temperature. The accuracy of this method depends 
very sensitively on the straight line fit to the data 
points. 
In Fig. 3 the normalized internal friction is plotted 
vs. the logarithm of time for as-quenched samples at 
various annealing temperatures. By normalizing these 
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Fig. 1. Temperature scan of the internal friction for as- 
quenched and well-annealed samples at various frequencies: [], 
7Hz, D=0.8mm, L=18mm,  water quenched; ©, 10Hz, 
D=l .0mm,  L=20mm,  water quenched; &, 14Hz, 
D=l .2mm,  L=20mm,  water quenched; +, 18Hz, 
D = 1.2 mm, L = 20 mm, aged. 
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Fig. 3. Aging of the normalized internal friction for four differ- 
ent as-quenched samples: II, 467 K, 9.5 Hz, D =0.8 mm, 
L =22mm; O, 467K, 4.5Hz, D =0.5mm, L=17mm;  &, 
468 K, 10.0 Hz, D = 1.4 ram, L = 18 mm; +, 490 K, 12.9 Hz, 
D = 1.0mm, L =25mm. 
curves we could eliminate the effect of having to 
mount a new as-quenched sample each time. The 
three sets of data points at the same temperature 
clearly give only one curve. The set at a slightly higher 
temperature has been shifted towards the lower part 
of the time scale as to be expected. 
In the same figure we have listed other relevant 
data, in particular with respect o a possible depen- 
dence on wire diameter. The range of diameters could 
not be changed sufficiently to reveal a diameter depen- 
dence which could be related to the disappearance of
free volume. 
In Fig. 4 we show the temperature dependence of 
the anelastic recovery obtained after 70 h relaxation 
at an initial torsional angle of 1.7 x 10 -3 rad. This 






, , , , , '. J 2J.i0 ' 2J.i ' 1.95 2.00 2 05 5 2.20 
IO001T (K -~) 
Fig. 2. Stepwise temperature scan of the internal friction for a 
well-annealed sample at various frequencies: II, 4.1 Hz; 0 ,  
9.5 Hz; &, 14.7 Hz. 
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Fig. 4. Isothermal time scan of the torsional angle for a well-an- 
nealed sample at three different emperatures: II, 473 K; O, 
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Fig. 6. Normalized z spectrum for the anelastic relaxation at 
498 K. 
rent through two copper coils, and was followed by 
approximately the same amount of anelastic relax- 
ation. Only the anelastic ontribution is shown. The 
same sample with a diameter of 0.8 mm and a length 
of 20 mm was used at three different temperatures 
without changing the experimental set-up. This is the 
reason why in this case the temperature d pendence is 
so well established. 
In Figs. 5 and 6 we compare the r spectra of the 
response curves for internal friction and anelastic re- 
laxation both at 498 K. The method is described in a 
previous article [2]. 
4. Discussion 
In the literature there are two models to describe 
relaxation in amorphous metallic alloys. One is based 
on computer calculations by Vitek et al. in which clus- 
ters of atoms are considered where the pressure or the 
shear is different from the surroundings [3]. A natural 
extension from microstructural to macrostructural 
considerations i  the transition from pressure and 
shear defects to genuine creep as dealt with by Argon 
[4]. A second model by van den Beukel [5] stays closer 
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to a macroscopic rystalline description, separating 
effects due to topological and chemical short-range 
order. Our results how that the decrease in free vol- 
ume as indicated by the relaxation time of the internal 
friction is faster than the atomic rearrangements un- 
der load as indicated by the relaxation time of the 
anelastic relaxation. This is not in agreement with the 
result of van den Beukel. The reason may be that in 
our anelastic relaxation experiments we are enforcing 
a situation mechanically while van den Beukel is look- 
ing at a thermal adjustment. The defect model may 
therefore be the one to be preferred in our case. At 
low defect density the process may be largely re- 
versible leading to recovery creep [6], while at higher 
density clusters may coalesce and the reversibility may 
be lost. 
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